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(54) ADAPTIVE MODULATION SYSTEM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To prevent a signal 
transmission efficiency from being deteriorated by 
making a modulation signal the most likelihood 
estimation in a receiver side without transmitting any 
control signal in a transmitter side in an adaptive 
modulation system that is applicable to a mobile 
communication system or the like and where only a 
modulation index is changed based on a channel power 
gain especially. 

SOLUTION: A modulation index estimate section 110 
calculates a square error of a minimum distance among 
respective distances between respective signal points to 
be received in a modulation index for every modulation 
index and signal points of a received signal. A reception 
power measurement device 109 measures a reception power level of the received signal. The 
modulation index estimation section 110 calculates a value obtained by calculating a weight 
calculated from a switching power level to switch the modulation figure and the reception 
power level for the square error calculated for the every modulation index as a likelihood 
value for the every modulation index. Then, the modulation index estimate section 110 
estimates a modulation index corresponding to the most likelihood value among the likelihood 
values for the every modulation index as the modulation index of the received signal. 
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Ji*{Ci3V^TI±, FirMOBER{4«tIE~e^&v^\ f^g 

lo^Cii, (a) #ffCNR?:±l{;y7l^^ 
SifcHJ: 0mi*O^^-^y hSr|pI±§*4 (BER 
f4*§<&&) . XJi(b) SflV^WjjfCNRi^) 

[0 0 6 5] ZZXlt, ±I5(a) OftlJ«^^#£^ 0 

mm, mmm t situ t -era cw5e3t** s Jtffl s tts £ 

Aml= « (blk(i)), ML)* 



74 



[0 0 6 6] 
[ft 3] 

A M L=f C 7ML(blk(i)X 7r ) ^d 2 „t 
[0 0 6 7] ^PJimMLttO^}#CNR y 

ML(blk(i))«i. ¥#}Xfc-~7y h«rfeJ#-f£ 
hftfz i f S^7 v n y^Ofilf CNRT^^o 
(3) ±1B (2) tflirny^«fU3l««tS««fc"t? 

io ::m ±ib (2) £ nm^mm i^^xmrnm t 
m c ^ x ;v - v° v h m tbT))/^ v x a #nii $ n * 

#\ yny^fti:, #^PJt»CMLO^!#CNR y ml 
ti3£M*TK. ft2St?^$tL4#JE»|}gftMLO** 

[0 0 6 8] 
[»4] 

f C T ML* 7r ) * d z ML 



[0 0 6 9] *(blk(i)),ML)tt, ±I^J:9i: 



o 

[0070] h«»§ntv^ 



[0 0 7 1 ] 
[S5] 

&<blk(i)),ML)= 1 (for all ML) 

[0 0 7 2] xh& 0 — y-y 



4 ^y^^V^Ufi 



Wit, 



[0 0 7 3] 
[ft6] 

jc(blk(i)). MLX 1 (for a certain ML) 

[0 0 7 4] «fc7 4RfeW*>*L£o d"ei4yt 



0 fe*§^3EpjBft*qt5gstL» < & 
[0 0 7 5] HI 4 14. 36« 1i<7)f^7 t-77f CO— M 

J65fev>^ftL, 7 1/-^5^Nfl (> 
L) t-f&o B4(a) Jl^Stt*fi63R^S:0 7*—ry 



ML 

IS C fcSEfHBftM L xmm $ iifcT*- * RNfl Otf 

atfc*2S, m3^:, xi±ft4S:-e5gfts*t4**H 

<*^<0HlOHMoff^>El5i4. Hlt^SttS 

C#** f #$ttfc«^J4. HIl U45V^T*OWC#-S-* f 

[0 0 7 6] i-f QP S KT*^^/N°(demapper ) 5 0 
6. 1 6 QAMfV7A°5 0 7, 6 4 QAMf^ y 5 

(0 4(b) #BS) (7)S{fff7l/-i,5 0 

1 K*tLtr. #^^^^JE&i-43EP}gftML = 2. 
4. 6, SOfl/ffftl^^fL, Nfl71/-AS 
0#ftxf - ^ O ^ O L y > o (13 4(b) # 

B5) LrW l/>fiK5'l 0. 5 11. 5 12 K-f-ft 
-PtL— B#ffi»-r^>o ^Kh^^F-i 1 0-5 1 

2(4, ^ctCRWtS#*5eW5 0 3 - 5 0 5-CO» 

50 [0 0 7 7] ^CtCQPSK«56W5 0 3, 1 6 Q AMit 
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15 

5eS5 0 4, 6 4 QAM*5eS5 5 0 5 ft S^^K*^? 

Nflt^ WHI&5 0 2 fc^LT^WL 
7 1/-A5 0 1tOLy>»tt ( HI 4(b) 
#*^*P^JCBi-*#3g|IJSftML = 2^ 4, 6, 8^0 

iEMSAQPSK, A 1 6QAM . A 64QAM ^ ? jf J¥ & o 

[0 0 7 8] LT. «/><t-fe 1/^^ 5 0 9^ 

MSCAQPSK^ A 1 6QAM „ A 64 QAM CO *5 A g/Jvjg £ "f" 

WSt^LfV V^flffi (510-512OH 
OflTtL^) offi^£S;jf jf-^5 1 3 i: LTffi*^«o 

[0079] eai*7aa«5 1 4 it sftm^iuj^ 
io9msti*yr =0 (xtt^-ojsfSMi) *a 

SKjt5fe«55 0 3> 1 6 QAM}f7e§r>5 0 4, 6 4 QA 

QPSK. A 1 6QAM , A 64 QAM <T> Mrfeffi ZtiMWWjit O V » T 

[0 0 8 0] If, $fc2^:l2i5V^T. #i*l^d 2 ml 

= d 2 QPSK, d 2 1 6 QAM > d 2 64 QAM It QP SKfV 

7^5 0 6, 1 6 QAMfV7/N°5 0 7, 6 4 Q AMf 

[0 0 8 1 ]*:, t2Si:i3V^, M^ltf (y 
ml, 7 r ) ^*ffit^/:^)OWCNR=¥^Silil 
/r ft BlKSSti*. ffSl 0 3 ft<7>S«m*i8 
^1 0 9^\ ^Cl^^tffflt^o 

[0 0 8 2] 

[17] 

Nfl 7r Ci) 
i N fl 

[0 0 8 3] yr (i) ft 7l/-AfiNFL*f 

1 1> 7 V - A ftO^y > ilJOgBlf ?:f 

/ r ) = f (yQPSK, yr ) , f ( 7 16QAM , yr ) , 
f ( 7 64QAM , yr ) It «fTEft 8 1 0 

[0 0 8 4] 
[»8] 

T r 

f ( r opsk, r r ) = a 

r 

[0 0 8 5] 
[*9] 

f ( T 1 6QAM » 7 r ) = 1 

[0 0 8 6] 

[mi o] 



(9) #PFF 1 1 - 3 5 5 3 7 3 

76 

J3 r 

f C 7 640AM , 7r ) = H 

[0 0 8 7] y it SJ#CNRO«7v«, oi 

^9 7 64Qam Offi*tte-C&&o ^<7)U*, S50QPSK 
*5eSE5 0 3 , 1 6 QAMl£i5 0 4. 6 4 QAMS 

fern 5 0 5(t -ett-rtt. ^mm 1 o 3 wo^t mmw 
tSui 0 9**>»»£;K4^s«*;*jyr (m7S) 
t. t8S-ti o*xr^»2S:*e>#e)tt4TiE«:i 

16QAM , A 64QAM ^T^tB^^ ^1 fc 

[0 0 8 8] 

imii] 

^apsK— # d QPSK 

7 

[0 0 8 9] 

[mi 2] 

A 1 6QAM = <1 2 I fe. Q AM 

20 [0 0 9 0] 

[mi 3] 

/I &4QAM = 1 + d 2 *4QAM 

7 *■ 

[oo9i] ±iEJWJS:*e>, ***o3B*-ett, 

i^^^i^ft:, W£tfS«v^>HS-i§- (RSS 
i) o^d^#**iam^*ffi-e^-2>-t* s *>*^o « 

xJt (yr /y) ^ 1 h I 6 4 Q AM (ML = 
6 ) . 1 > ( y r / y ) ^0. 240 til 6Q AM (M L 
30 = 4) , 0.24> (yr /y) ^0.048 OtlQPSK 

(ML = 2 ) . 0-048 > ( 7 r /y) <Dt%fcm*y t 
%2>o ^Otl, « =0-6, ^=8.0 l3v^Sff4# 

[0 0 9 2 ] «]fCNR*2 dBfiV^f (X0.6 

) T-i^-T&^ft (yr / y) ^0.6 0^6 4 

QAM, 0.6 > (y r /y ) ^0.140 t I 1 6 QAM. 

0.14> (yr /y) ^0.029 OtlQPSK, 0.029 > 
(yr / y) CD^fiIt7i:Wo ^<D<hL a =0. 

6/0.6 =1.0 , /?=8.0*0.6 =4.8 IZ&^X, ±i^OJ» 

[0 0 9 3] 9J#l^^^itSfll l^Wfc (yr / 

y) tt a*#^*tt*st*i^^^*«ra-"e**itf. n 

tf«rac07 I^-ARNfl) . TfSmi 4*"C^StL4^ 
1 7n ^ ^R(7)^^^;vfiJ#co^F^ ^1 fcH— 

[0 0 9 4] 

[^ 1 ] 

C 8 fl) 

50 
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(10) 
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[0 0 9 5] ^**^fij#-to*>o (8(0 ) 

[0 0 9 6] 
[S14] 

Nfl g(i) Tr 

gFL=2 = 

i Nfl 7 

[0 0 9 7] «B#«^16tT^^ttUit^T« 

[0 0 9 8] fee, Sff V^;KO^Ki^H4-RB#jI 
(Rayleigh fading ) Lty UV-ya 

i:i4 3EWti»M L o Ji5fefr5W£« v ^ 

[0 0 9 9] 0 6&tf07 te. **L-P*L« =1.0 , /? = 
5.0 . t*«JfCNR/^tM=0.6 , 

(1) SEP^S : M^l/QP SK/16 QAM/ 6 4 

QAM. W56v>*/HBc: 2 o, iEmty^-V 

>^«JH(fdTs) : 0.001 (0 6) 

(2) : M^t/QP SK/16 QAM/ 6 4 
QAM. Wfev^sJOHft: 6 0. jEaft"7jt— V 
>^I« (f dTs ) : 0.000125 (0 7) 

t Lfzm^om^mm (eer) «H£Ro f jEL<jtjgs 

tifcfuy ^ Visits If '7 MR 5^ (BER) #tt-Cab 

[0 10 0] itLe>OBI^«bW?>^*J: d K, BER = 
10- 2 «r?ffi7tr-r J: -9 W^CNRoJ S N R KJsv^T & 
3 «x&_L. S N R OBfc#Jfc-e{±flMRe y h iC^f 15 dB 

J^JL^n a nR^*^*S^»^ti7t 0 d*U4. Nfl=1000 

tf * >eapo7v-A-e*tt(f^ jt^M^ (eer) t~ 

i:^^V-A|Si9 (FER) l±^<f#ft<DBERt: 

fe*4o Will SNRC^Tf ^fnS^lS^l 
ftt^QPSK r*H« W UfHf $ tiiS^t? 

O 



70 



20 



30 



40 



50 



#PB¥ 1 1 - 3 5 5 3 7 3 
vx-r Atci5tt*Sfll« 1 0 3 CO, *Hi<7)f 2^>tl 

H 5 <7>:«r£iH C**#ft StLfc»* 

[0101] 08 Ofl|jffif± % Q P S Km^M 5 0 3 ,1 
6 Q AMit^fflS 5 0 4, 6 4 QAMMftffl 5 0 5 #\ Wi 

3 Sl&IJfc'C? < #^lSHS^ A QPSK , A 1 6QAM . A 64QAM CO 

[0 10 2] S8^i3V^ WX^-7°7 haJ5gS£8 

5 1 3x^e^^-7fftmsp 5 1 4 35»&as5*t^e36* 

vft^US^i, Bf^^n v ^blk(i)ft<0^:^X;l— -7° 
'7^fKt, -e-tt*-gJ#CNRj¥ttiffl58 0 2 {ciij=oi- 

O 

[0 10 3] MCNR*ffi^8 0 2 ii. :/n y ^blk 

( i ) ft ^s*p $ n %> m% * -7°7h Kttfcir h &m m* 

CNR 7 ML(bik(i)) = 7 QPSK(blk(i)), 7 i6gam (blk 
(i)), 7 64qam (blk(i))£. QPSKI^» 5 0 3 , 1 
6 Q AMJtJSW 5 0 4. 6 4 Q AMJISW 5 0 5 IzMitt 

[0104] &%k^M 5 0 3 - 5 0 5 14. FUxJf^tt^ 
tt. mi 3S^*"^V^T#ytSP^ScAopsK. 

A 1 6QAM , A 64 QAM ^MH^&o £<7>SH^±, $J#C 

NRKlHJ«8 0 2*?>QP SKlt^S 0 3. 1 6 QA 
M*5eW 5 0 4, 6 4 Q AMt^ 5 0 5 KM%l1rZ>m 

KWJS^£^*Ht 7 (blk(i))o*"CJ:v\, 
<*»9§O^3OltiiOf^>0 9ii. BICS^W 
vXx-MCiJltSS'fflSl 0 3O, *l§?go»3 cO^Jt 

0 8 1 c io v * r * <o n c **# $ tt tz mfrt m c « t e * 

[0105] 09 OS^i4. Q P S K«^Sr> 5 0 3 ,1 
6 Q AM*56« 5 0 4. 6 4 Q AMM^U 5 0 5 ^. 

4 Virago* <#^LjKB5SfcAQPSK. A 1 6QAM . A 64GAM <D 

[0 10 6] 09^33V^T. T^X^-r^ hajje»8 

0 1 t4. f-^-by^ 1 1 1 ^?>ffi^j$tt^S««-^ 

5 1 3X^1531* "7 »tB» 5 1 4^m> + j£^£e^ 
^fi^-^^o^, pif^yn y ^bik(i)«<7)^x;l/-7 p 

y h^tffiu ^tt^m<^53Sfc#ffias9 o i izmu-f 

[0 10 7] £^nScKLfU8E9 0 1 (i. rn»; ^blk(i) 

ft a» § *t & ^^-7°y f ^MS-r 

* (blk(i)),ML)= « (blk(i)),QPSK), « (blk(O), 16QA 
M) , « (b!k(i)),64QAM) ^, QPSK15e»5 0 3, 

1 6 Q AMM^U 5 0 4. 6 4 Q AM*ic«E 5 0 5 KM 
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(11) 



Wt 1 ? 1 1 - 3 5 5 3 7 3 



19 

[0108] &m<mM 5 0 3 - 5 0 5 ii, Mz-^tfl^ 

m^-t&ft^T, #*SMSfcA0PSK. A 1 6QAM , A 
6 4 QAM ^r?S#i~-i)o 

[0 10 9] 

[0 110] tti, itUf. h 

h mm * mm-f ^zt^nmt^^> 0 

[01] *M<7)**Of I<7) y X 7 Af^lT* ^ o 

[0 3] m-w&Mmm. d 6qam) oiws^^o 

[0 4] fgti^o 

[05] 1 1 io* i oni<7)iioitit*^o 
[0 6] ^%m<Dmk^m<r>m^mmm (wn 

[0 7] *^o*itof^<7)#tt^^0 (*o2) -e 

[0 8] S«oi20tMMSSt*^o 



20 



10 



20 



[0 9] S««O*3<7)*ife<7)ff^O#ffi0-eab^ 

[0io] mfc^m^<Dmmmnmx$>& 0 



1 0 1 
1 0 2 
1 0 3 
1 0 4 
1 0 5 
10 6. 
1 0 7 
1 0 8 
1 0 9 
1 1 0 
5 0 1 
5 0 2 
5 0 3 
5 0 4 
5 0 5 
5 0 6 
5 0 7 
5 0 8 
5 0 9 
5 10, 
5 1 3 
5 1 4 
8 0 1 

8 0 2 

9 0 1 



1 1 1 7"- 9 -fc v ? ? 

§ fit y i/ — ^ 

QP S Kjf^gp 
1 6 Q AM}i5ggr> 
6 4 QAM*5g«r> 
QP S Kf77^ 
1 6 QAMf7 7^° 
6 4 QAMf ,k 7 7^ 0 

5 11,512 LfV WIS 

*£ filing 



[04] 



Nw. 



(o) 



ML 



NFL 



L 

UL ^rCiu ti for Modulation Level 
^Information Symbott 

LrMwsurament Informations* 1 *"* tar Estimation 
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(12) 



#gB¥ 1 1 - 3 5 5 3 7 3 



m 1 ] 



[H2] 

o <o # ft is 



<r»r> 



•a 



2 N 



~~T — 



L 



Bar W 

t ^ 

*■ -at 

a -»* 



\ 



2 



*t3 






£ — . 

■^s 1 


* i 


i 






| 55 






ajr 


J *2 


ft 




\ 



1: 



m 





3!s 


8 









! 



v 






£ Hi! 






t « 




JfSf 












IX 




Target 
ber 



QPSK 16QAM 



No-send 



S4QAM 




QPSK 
(=0,0487) 



t&QAM 

{= 0.2*7) 



QPSK 16QAM 

Averaged CNR 



64QAM 



a 3 ] 



Q 



d fiQAH 



J I I L 



J E 1 L 



| 16QAM Signals (•:r mi „(l)) 
x Received Signal :r(l) 
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(13) 



#H¥ 11-355373 



[El 5] 



[B6] 




1.0E+0O 



l.OE-01 



1.0E-02 - 



LLl 

LU 

V. 
LJ 



1.OE-03 



1.0E-04 



1.0E-05 



1.0E-06 




n \ r- 1 1 i 

QPSK(Flxed) '2 b/sym O- 
16GAM<Fixfld) « 4 bAym -O- 
64GAM(Fixed) : 6 b/sym -A~ 
Adoptive i 4.8 b/sym -A— 
Estimared<L s 20) O — 



\ N * 



10 15 20 25 30 35 40 45 

Average S/NCd83 



50 55 60 
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(14) 



I^F 11-35537 



[8 7] 



[0 8] 



1.0E+OG 







1.OE-01 —zAvzid 



1.QE-Q2 



LU 

g 1.0E-03 

CD 



1.0E-04 - 



1.0E-05 



1.QE-G6 



i6QAM(FiX«J) :4b/sym 

Adaptive : 4J8 fa/sym 

::::|::;:::::::|:::EalJiTiaS*l^86i: 



i _j i 

Jji 'v ■ \ 







...JL 

-A— 




10 15 20 25 30 35 40 45 
Average S/N[dS] 



55 60 




PC 




as 




<_> 






33 











5t 




_4 







SDK 
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(15) 



#18^ 1 1 - 3 5 5 3 7 3 



[09] 



010] 




1 * 



15^ 



El 



r 













i 




*• j 











W 

tftfC 









1001 



S * con*l- 



I0O4, 



r 



i_. 



1005 



«U i rpj 



wm — 




^-rAvM*** loos' 

(for l.i. d. Channel Systems) 

(for Correlated Channel Systems) 

(a) y^Titf* 



« • * * 

• • • • 

• • • • 

16CAM 



84QAM 
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